Background: One major criticism of prolonged propofol-based total i.v. anaesthesia (TIVA) in children is the prolonged recovery time. As target-controlled infusion (TCI) obviates the need to manually calculate the infusion rate, the use of TCI may better match clinical requirements, reduce propofol dose, and shorten recovery time. Methods: Children of ASA grade 1, aged 1e12 yr, were recruited and randomly assigned to TCI or manual infusion. Children in the TCI group had propofol delivered by TCI. Children for manual infusion had a loading dose of 2.5 mg kg
Editor's key points
Propofol accumulates more during infusions in children than in adults. Fixed rate infusions result in rising concentrations that might thus lead to prolonged recovery. Target-controlled infusion (TCI) systems gradually decrease drug infusion rates while the target concentration is kept constant. Use of TCI led to higher propofol doses but not prolonged recovery time in children compared with manual infusion.
Total i.v. anaesthesia (TIVA) and target-controlled infusion (TCI) of propofol for induction and maintenance of anaesthesia is commonly practiced in adults 1 but less so in children, 2 despite its purported advantages over inhalational anaesthesia. 3 Differences in pharmacokinetics and lack of commercial TCI systems mean that complicated manual infusion regimens are required. Longer context-sensitive halftime 4 and failure to adjust the infusion rate appropriately can result in accumulation of propofol and delay in recovery.
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Prolonged recovery time has been cited as a drawback of propofol anaesthesia in children. 8 The advent and availability of pharmacokinetic models and TCI pumps may make TIVA with propofol a more appealing anaesthetic technique in children, 7 and the use of TCI may make titration of propofol easier. The goal of this study was to compare manual infusion with TCI for propofol based i.v. anaesthesia in children undergoing elective surgeries. With the addition of population pharmacokinetic data, the use of TCI titration may allow more accurate, easier and better control of the desired pharmacodynamic effect 9 ,10 compared with manual control. It may also be associated with less overdosing and, hence, shorter recovery. This study was designed to test the hypothesis that propofol by TCI is associated with a shorter recovery time when compared with manual infusion. We also intended to compare the ability of TCI and manual propofol infusion to maintain a desired depth of anaesthesia as guided by Bispectral Index™ (BIS).
Methods
The study was carried out in a tertiary care public hospital in Shenzhen, China. It was approved by the Hospital Institutional Review Board (szkcw201519) and registered with the Clinical Trial Registry of China (ChiCTR-IOD-16010147). Children aged between 1 and 12 yr and ASA grade I or II scheduled to undergo elective surgeries requiring endotracheal intubation, were enrolled in this randomised, controlled trial. Written, informed consent was obtained from parents or legal guardians. When the child was mature enough, patient assent was also obtained. Exclusion criteria included presence of fever, allergy to study medications, use of psychiatric medications, neurological injury, and abnormal lipid or carbohydrate metabolism. Recruited children were randomly assigned to have TCI or manual infusion of propofol for maintenance of anaesthesia. Five-percent lignocaine cream was applied to both hands 1 h before surgery. No other premedication or sedative was given before induction. One parent could be present at induction. If an i.v. cannula could be placed while the child was awake, induction of anaesthesia was achieved i. is recommended for use in children aged 2e11 yr to achieve a blood concentration of propofol of around 3.0 mg ml À1 .
The attending anaesthesiologists adjusted the dose of propofol at induction and during maintenance of anaesthesia according to clinical need and BIS values (40e60). At induction of anaesthesia before the application of BIS electrodes, the attending anaesthesiologist would increase the Cp or give an extra bolus of propofol of 1 mg kg À1 if the loading dose or induction Cp was judged to be inadequate. Inadequate depth of anaesthesia was determined by patient movement. After anaesthesia was induced and BIS applied, anaesthesia for patients assigned to the TCI group was maintained by the induction Cp, and anaesthesia for the manual infusion group using the above infusion regimen. The goal was to maintain the BIS between 40 and 60. The Cp was adjusted accordingly in the TCI group, or temporary cessation of infusion, or an extra bolus with an increase of infusion rate in the manual group whenever the BIS deviated from the desired range. All children received fentanyl 1 mg kg À1 , atracurium 0.5 mg kg À1 , and a remifentanil infusion of 0.15 mg kg À1 min À1 before endotracheal intubation. A bolus dose of remifentanil of 1 mg kg À1 was administered 30 s before intubation. The rate of remifentanil infusion could be titrated to the patients' analgesic requirement by the attending anaesthesiologist. The goal was to maintain the patient's heart rate within 20% of the heart rate after induction of anaesthesia. Other medications given intraoperatively included dexamethasone 0.15 mg kg Propofol infusion was stopped 5e10 min before anticipated completion of surgery and the remifentanil infusion was ceased when surgery was completed. Tracheal extubation was performed when adequate breathing had resumed and the cough reflex was present. Patients were then transferred to the postanaesthesia care unit (PACU) and discharged to the ward when the Aldrete score was !9 (assessed every 5 min) and adequate pain control was achieved with Faces, Legs, Activity, Cry and Consolability (FLACC) pain assessment scale 12 of 3. Nursing staff in the PACU were blind to the study group assignment. The primary outcome of this study was time to extubation after cessation of propofol infusion. From our pilot study, the mean time to extubation was 19.1 [standard deviation (SD) 6.9] min after cessation of propofol infusion in children who had anaesthesia maintained with manual propofol infusion using the above regimen. If the use of TCI propofol would decrease the time to extubation by 25%, 33 children per group would be required to achieve 80% power to detect a statistical difference with a false positive rate of <5%. Secondary outcomes included total dose of propofol and remifentanil used, time to obey commands after cessation of propofol infusion, time taken for the Aldrete score to be !9 after cessation of propofol infusion, incidence of emergence agitation with Paediatric Anaesthesia Emergence Delirium (PAED) score !0. The mean propofol and remifentanil infusion rates, calculated as mg kg À1 h À1 and mg
, were estimated by the total propofol or remifentanil used intraoperatively divided by the duration of drug infusion and body weight. BIS was recorded during the maintenance phase of anaesthesia, after propofol induction and before it was stopped. The percentage of time when BIS <40 and when BIS >60, and the number of setting changes between the two group were also compared. For the manual infusion group, the number of extra boluses given and adjustment of infusion rate were counted and compared with the number of target plasma concentration changes in the TCI group.
Demographic data are presented as mean (SD) or number (%). Parametric primary and secondary outcomes are presented as mean (SD) or number (%) and were compared by t-test or c 2 test. Non-parametric data are presented as median [IQR (range)] and compared by ManneWhitney U-test. A P-value <0.05 was considered significant. Data were analysed using SPSS (version 21.0; SPSS Inc., Chicago, IL, USA).
Results
The study was conducted between August 2015 and March 2016. Ninety-two patients were eligible and approached to participate in the study. Parents of seven patients refused to participate and, hence, 85 were recruited and randomised, with 41 allocated to receive propofol by TCI and 44 by manual infusion. Eleven patients were excluded from the study for reasons stated in the consort flow diagram (Fig. 1) . Seventyfour patients completed the study with 37 in each group. No difference was found between the two groups in patient characteristics, type of surgery, or mode of anaesthetic induction (Table 1) .
The time taken to extubate the trachea after cessation of propofol was similar between the two groups, and was 15.1 (5.5) and 16.2 (6.1) min for children who had TCI and manual infusion of propofol, respectively (P¼0.42, No difference was observed in the remifentanil infusion rate, time to obeying commands, time to Aldrete score !9, and BIS between groups (Table 2) . Only two children (5.4%, 95% CI 0.5e19) who had TCI and no children (0%, 95% CI 0e11%) who had manual infusion of propofol experienced emergence agitation.
The individual BIS profiles during maintenance are illustrated in Figure 2 . 
Discussion
This prospective, randomised, controlled trial showed that the use of TCI in children was not associated with quicker recovery when compared with manual infusion for propofol maintained anaesthesia. On the contrary, the use of TCI was associated with a significantly larger dose of propofol used, although the difference was small and probably clinically irrelevant. The higher dose of propofol used in the TCI group may be a result of the high Cp level required at induction when the Paedfusor plasma target TCI system was used. In our experience, a high Cp is required to achieve a rapid induction of anaesthesia in children, otherwise, excessive patient movement will occur. Indeed, the high initial target for induction is needed because the model does not take into account the hysteresis of an effect-site concentration. Although the manual infusion regimen was made to target a steady plasma concentration of 3 mg kg À1 , using 2.5 mg kg À1 as an induction dose would achieve an initial plasma concentration of approximately 4e5 mg ml À1 with either the Paedfusor or Kataria model. 13 Therefore, excessive movement at induction with this manual regimen is usually not encountered. Nevertheless, the difference in propofol dose did not cause any delay in extubation or recovery time. In a meta-analysis of studies in adult patients, similar results were seen but the studies were very heterogeneous and of poor quality.
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Using these two techniques of propofol maintained anaesthesia, the lipid infusion rate was 0.167 and 0.149 g kg À1 h À1 for the TCI and manual group, respectively. To put this in perspective, the daily lipid requirement for children who are on total parenteral nutrition is 2e3 g kg À1 day À1 . 14 The difference in propofol infusion rate between the two groups was 0.018 (95% CI 0.089e3.51) g kg À1 h
À1
, which implies a difference in lipid load of 0.018 (0.00e0.0035) g kg À1 h À1 , which is clinically insignificant. Overall, the duration when BIS was <40 was approximately 10% and similar in both groups. This may imply that the tendency to over-anaesthetise is small and similar with both techniques. However, manual infusion was associated with a significantly longer duration when BIS was >60, and the use of TCI was associated with more setting changes. This may indicate that anaesthesiologists were more willing to change the setting on TCI and this, in turn, has led to better maintenance of BIS within the desired range. With manual infusion, more time will be required to reach equilibrium after a new change in setting. When TCI is used, the pump indicates exactly how long it will take to reach the target. Therefore, the decision to make a new adjustment may well be influenced by the information available on the TCI pump. Consequently, we have observed a significantly lower number of setting changes in the manual infusion group, and this was associated with a significantly higher percentage of time with BIS >60 in this group. Nevertheless, our routine postoperative follow up revealed no awareness under anaesthesia in this cohort.
BIS control could be improved further if effect-site concentration targets become available. Currently, no effect-site controlled TCI models are commercially available for use in children, although they have been described in the literature. 15, 16 The use of effect-site target would avoid several interventions in plasma targets and may potentially reduce the incidence of overdosing (BIS <40) in the TCI group. A pharmacokinetic model for Chinese children has been developed and published 17, 18 but was not available in our commercial pump, and we cannot be sure whether this model would have performed better in our population.
TIVA with propofol is used in children for absolute indications such as susceptibility to malignant hyperthermia or where inhalation delivery is difficult. However, there are also strong indications for neurosurgery (neuroprotection and decreased intracranial pressure) and spinal procedures (to facilitate neurophysiological monitoring). 3, 19 There is also strong evidence that propofol maintained anaesthesia is associated with a significant reduction in emergence agitation and delirium, a common condition associated with inhalation anaesthetics, particularly sevoflurane. emergence agitation was 0.35 (95% CI 0.25e0.51) with propofol. 20 Our study confirms the low incidence of emergence delirium or agitation in children when propofol TIVA is used, although the use of dexmedetomidine would also contribute to a low incidence of emergence agitation. 23 Other benefits of propofol maintained anaesthesia in children include a reduction of post-operative nausea and vomiting, 24,25 avoidance of environmental pollution, 26,27 a lower incidence of laryngospasm, 28e30 and better post-operative analgesia. 31 
Limitations
Since this a study on comparison of two propofol infusion techniques, it was not possible for the anaesthesiologist to be blinded to group allocation. Using BIS guidance for propofol dosage in both groups is another limitation of this study as this would likely lead to the delivery of a similar propofol dose. However, to date, BIS is the best available objective guide to depth of anaesthesia and this would be a good indication of how precise the control could be achieved with either technique. The BIS was recorded every 5 min manually. Using a computer program with continuous recording of BIS data would allow a more precise and accurate estimation of performance of both techniques. 32 The use of dexmedetomidine in this study could be a potential confounding factor. As dexmedetomidine is routinely used in our paediatric patients for prevention of emergence agitation and multimodal analgesia, 23 it was included in this study. The administration of dexmedetomidine could potentially have delayed the recovery time of patients, and the recovery time of this cohort would not necessarily be representative of that in children after propofol maintained anaesthesia alone. Different types of surgical procedures could be another confounding factor, although they were similar between the groups and differences in surgery are more likely to affect opioid requirements than propofol use. 33 Lastly, these techniques of induction and maintenance of anaesthesia may not be generalisable to patients with comorbidities or to very long cases when lipid load and propofol infusion syndrome may be a concern. 14 With careful dose titration, propofol based TIVA may be used in children with co-morbidities or in surgery of very long duration. Generally, propofol TIVA should be avoided or used with particular care with infusion rates of >4mg kg À1 h À1 for 48 h (propofol infusion syndrome has rarely been reported at lower infusion rates), younger age, acute neurological injury, low carbohydrate intake, and concomitant catecholamine, corticosteroids infusion, or both. 
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Conclusion
Both TCI and manual infusion are feasible methods for achieving propofol TIVA in children when it is guided by BIS. 32 Although the use of TCI is not associated with lower doses or quicker recovery, it may be an easier and safer method for titration. 34 If TCI pumps are not available, manual infusion with BIS guidance is a good alternative. When more information on the pharmacokinetics of propofol in children is available, the paediatric TCI models may be further refined for more accurate dosing and titration. Addition of an effect-site to the model should further improve drug titration. 
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